Since the introduction by Jones and Zimmerman (I 959, I 96 I) of a reliable histological scheme for the separate recognition of each of the three major categories of corneal stromal dystrophy, the way has been open for precise characterization of the nature of the lesions in each of these conditions. This has been largely accomplished for the macular and lattice dystrophies, the former having been shown to be an acid polysaccharide complex (Klintworth and Vogel, I964; Morgan, I966; Garner, i969b), and the latter to consist largely of amyloid (Seitelberger and Nemetz, I96I; Klintworth, 1967; Garner, 1969a). Relatively little is known, however, about granular dystrophy, and the several electron microscopical studies which have been reported in recent years have, on account of the widely differing descriptions, not been conspicuously successful in resolving the problem. Thus McTigue (I965, i967) described dense homogeneous masses which could not be resolved at magnifications of up to 71,000; workers in Japan (Kuwahara, Akiya, and Obazawa, I967; Matsuo, Fujiwara, and Ofuchi, I967) described rod-shaped structures; Sornson (I965) found both granular and fibrillar material; and Teng (I967) observed fine banded filamentous structures which he regarded as representing precollagen. Apart from the study of two cases of probable granular dystrophy, which were unusual in that the lesions were limited to the subepithelial region, by Goslar and Seitz (I96I) and Seitz and Goslar (I963, I965), there is a dearth of detailed histochemical information in this condition and it was for this reason that the present investigation was undertaken.
Results
All eleven corneae with stromal lesions contained eosinophilic granular deposits which were not birefringent and which gave an intense red colour with Masson's trichrome stain (Fig. i) , but no reaction with the periodic acid-Schiff (Fig. 2) or acid polysaccharide methods. They thus satisfied the criteria laid down by Jones and Zimmerman (1961 ) for the histological diagnosis of granular dystrophy. The deposits also showed the characteristic meshwork of branching argyrophilic fibres in sections stained by Wilder's method. In three instances (Cases 8, 9 , and 12) some of the deposits apparently included amyloid material. Thus they showed foci which stained positively with Congo red (Fig. 3) , with green dichroism in polarized light, which were metachromatic with crystal violet in contradistinction to the orthochromasia of the surrounding granular material and which showed intense yellow fluorescence in ultra violet light after staining with Thioflavine T (Fig. 4) . One of these corneae (Case I2), as well as including amyloid within the granular deposits, also showed lesions in the deep stroma which were morphologically and tinctorially characteristic of lattice dystrophy. There was partial destruction of Bowman's membrane with subepithelial accumulation of granular material in all twelve cases and in some the deposits had spread into the potential space between the membrane and the epithelium. Case i , which had presented a clinical diagnostic problem as well, was unusual in that, while there were widespread deposits within and immediately deep to the epithelium, there was a total absence of granular material in the substantia propria (Fig. 5) In view of the constant finding of protein deposits in the immediate subepithelial region and the observation that in one case deposition was entirely limited to this location, it is interesting that Bucklers ( 938) should have likened the lesions to keratin or keratohyaline. Keratin is, however, very rich in sulphur-containing amino-acids, particularly cystine, and though such components were demonstrable in the lesions of granular dystrophy, the amounts were by comparison rather small. Nevertheless, arginine, which was readily demonstrated in all twelve cases, is also prominent in keratin and, while there was no real histological evidence that the abnormal protein was emanating from diseased epithelial cells, it does suggest that the epithelium in this condition should receive rather more attention than it has done hitherto.
Another possibility is suggested by the observation that components satisfying all the histological criteria for amyloid were present within the dystrophic foci in three of the twelve cases. Moreover, lesions indistinguishable from those of lattice dystrophy, a condition recently shown to be a familial form of localized amyloidosis (Seitelberger and Nemetz, I96I; Klintworth, I967) , were seen to coexist in one of these cases with the deposits of non-birefringent material typical of granular dystrophy. This raises the question whether the granular lesions are in some way related to amyloid. Certainly the protein histochemistry does not contradict this suggestion, all of the protein groups and amino-acids present in granular dystrophy having also been demonstrated in amyloid (McAlpine and Fuller, I964) , while a recent study has shown that all these components are similarly present in the amyloidotic nodules of lattice dystrophy (Garner, unpublished observations) . Although the presence of amyloid in granular dystrophy has not been commented on previously, Smith and Zimmerman (I968) reported weak to moderate metachromasia with crystal violet in each of seven cases examined and equivocal Thio-flavine T fluorescence in one, and Matsuo and others (I967) quoted dubious evidence for its presence in the study of a single case. Recently a plasma-derived component or precursor of amyloid has been described (Bladen, Nylen, and Glenner, I966; Cathcart, Shirahama, and Cohen, I967) which can be resolved only at electron microscope magnifications of over 200,000, and it would be of great interest to study the deposits of granular dystrophy at comparable magnifications.
It is tempting to speculate on the relationship, if any, between granular and lattice dystrophies. Both are attributable to dominant autosomal genetic defects and, despite several clinical and histopathological differences, the apparent overlap that exists between these two disorders may support those who, as Duke-Elder and Leigh (I965) point out, have felt that the individual stromal dystrophies are not independent pathological entities but variable expressions of the same morbid gene.
Finally, there is the further possibility that the granular deposits are accumulated by diffusion from extracorneal sources, especially as electrophoretic studies have demonstrated proteins in the human cornea which travel with the same mobility as serum albumnin and each of the serum globulin fractions (Watanabe and Tsutsui, I96I). While the histochemical findings are compatible with this suggestion, it is to be noted that no defect is usually discernible in either the corneal endothelium or Descemet's membrane, although the possibility that protein derived from plasma might diffuse into the cornea from the limbal region cannot be entirely discounted.
Conclusions and Summary
The problem of the nature of the granular deposits in Groenouw's type I corneal dystrophy remains unsolved, largely because of the limited range of amino-acids and protein groups that can be identified by histochemical techniques, and partly because of the difficulties encountered in interpreting the results of electron microscopy. Nevertheless the deposits have been shown to consist principally of a non-collagenous protein containing tyrosine, tryptophan, arginine, and sulphur-containing amino-acids.
The possible origin of the abnormal protein is thought to include the epitheliuni and extracorneal sources as well as the keratocyte, although the evidence for each of these suggestions is entirely circumstantial. The implication of the demonstration of amyloid foci in a minority of the cases examined is discussed with regard to the possibility that the lesions of granular dystrophy are in some way related. 
